Peru is a megadiverse country with native species of all kinds, including dye plants, which have been used for hundreds of years by the local population. Despite the fact that many of these natural dyes are of a superior quality compared to synthetic ones and do not have the harmful effects that the latter may cause to human health, due to the lack of documentation and dissemination, ethnobotanical knowledge is unfortunately being lost with the passing of generations. In order to preserve and spread such valuable knowledge, this study conducted a comprehensive taxonomic, phytogeographic, and ethnobotanical inventory of dye plants based on periodical botanical explorations in selected locations of Northern Peru during the span of two decades. A critical review of the specialized bibliography was then carried out and the findings were verified with the personal knowledge and experience of both the researchers and the local and regional people. The results of the inventory record 32 species of dye plants from Northern Peru distributed in 22 families, of which the following stand out due to the number of species: Fabaceae (5
Introduction
Plant and animal domestication has been perhaps the most important development in the rise of human civilization [1] . Humans rely on plants for food, feed for their domestic animals, construction materials, medicines, paper, fibers, dyes, and cosmetics, etc.
The use of dye plants and colorants from mineral and animal origin dates back to ancient times, and has been a very important resource for human beings [2] . Anthropological and archaeological studies and historians and chroniclers have analyzed the use of dyes through time, from the cave paintings of civilizations such as the Olmec, Maya, Aztec, Teotihuacan, Paracas, Tiawanako, and Chavín, as well as in diverse artistic representations in bicolor and polychrome pottery, painted murals, and in textile figures and fragments which demonstrate the use of paints and dyes not only in ceremonial objects, but also in fabric [3] .
A megadiverse country like Peru has great botanical wealth [4, 5] and is home to plants, which contain active coloring substances such as flavonoids, xanthones, quinones, and carotenoids [6, 7] , among other substances with high potential for use in the textile, cosmetic, and food industries. These have been cultivated and used until now by the local population, and in many regards, surpass artificial dyes.
Natural dyes, such as those obtained from the Bixa orellana L., Usnea baileyi (Stirton) Zahlbr.b, Alnus acuminata H.B.K., Berberis buceronis Macb., Bocconia integrifolia Bonpl., Caesalpinia spinosa (Feuillée ex Molina) Kuntze, Coreopsis senaria Blake & Sherff., Lomatia hirsuta (Lam.) Diels, Polylepis incana Kunth, Hypericum laricifolium Juss, and many other plants produce colors that are esthetically superior and environmentally friendly. Moreover, these natural dyes lack the substances that can cause injurious or allergic reactions in the consumers [8] , produce attention deficit/hyperactivity in children [9, 10] , and/or have been prohibited by the Food and Drug Administration of the United States of America [11] . In addition, synthetic dyes generate water pollution, among other environmental effects [12] . Some studies have also demonstrated that fabrics colored with vegetable dyes fade less, or fade more harmonically and without jarring differences in color [13, 14] .
There have been various research initiatives related to ethnobotanical studies worldwide. Ivancheva and Stantcheva (2000) reported on the traditional use of medicinal plants in Bulgaria and identified 73 medicinal plants of 30 families [15] . Idolo et al. (2010) conducted an ethnobotanical inventory of one of the oldest national parks in Europe and highlighted the importance of nature preservation to preserve traditional knowledge [16] . Kaval et al. (2014) compiled ethnobotanical information on medicinal plants used in a Turkish region and found the extensive use of such plants for therapeutical purposes [17] . Amjad (2015) compiled the use of medicinal plants and other folk native plants of the Bana Valley in Pakistan to preserve the ethnobotanical knowledge of the region [18] . In the case of Peru, there have been some research initiatives on dye plants. Cornejo (1981) , for instance, analyzed the dye plants in Huamanga province and their application in textile crafts [19] . Soukup (1986) compiled an inventory of the common names of Peruvian native plants including dye plants [20] . Rodriguez et al. (2017) analyzed data of Peruvian herbaria and identified some dye plants of La Libertad Region in Peru [21] . However, in all the cases, the studies only focused on the random inventory of the dye plants and some empirical applications. In this sense, the limited systematic documentation and dissemination of the traditional knowledge obtained through the empirical use of many plant species in Northern Peru is notorious. Because of this, establishing a link between the scientific and empirical knowledge of these plants is of the utmost importance [22] [23] [24] . This study attempts to fill this gap by not only providing a comprehensive inventory of the dye plants used in northern Peru, but also by compiling and disseminating their traditional uses and main characteristics based on the interviews conducted with local people.
Material and Methods
This study is based on the personal experience and observations of the authors. The authors carried out specimen collections during botanical excursions to various locations in the departments of Northern Peru. An average of two 10-day expeditions were carried out annually for two decades (from 1996 to 2016). A summary of the expedition routes is provided in Figure 1 and the details of the explored places are provided in Table 1 .
This study is also based on the explorations, collections, and records of dye plant species used many generations ago available in the National University of Trujillo Herbarium also known as Herbarium Truxillense or HUT. These explorations gathered facts about the taxonomy, growth habit, altitudinal distribution, methods of propagation, parts of the plant utilized, and color produced from northern Peruvian dye plants. The information about common names, parts of the plants used, and the color produced by the species was obtained directly from surveys conducted with local populations, according to the labels accompanying the species registered in the HUT and notes recorded directly during the explorations.
The botanical specimens collected, once preserved, were registered in the HUT, and duplicates were sent to different herbaria, including the Missouri Botanical Garden, and the Chicago Field Museum in the United States, for taxonomic confirmation. It is worth mentioning that the specimens were identified using the taxonomic key referring to Peruvian flora in accordance with [25, 26] .
Results and Discussion
Scientific names, families, common names, growth habit, altitudinal distribution, types of plants propagation, parts of the plants used, and colors obtained from 32 species of dye plants collected in Northern Peru are given in Table 2 . The 32 species were grouped into 29 genera and 22 families. The findings of the study were complemented with the work conducted by [28, 29] . These studies were critically reviewed regarding taxonomy, growth habit, altitudinal distribution, types of plants propagation, parts of the plant utilized, and color produced from the species of dye plants, which grow in northern Peru.
This research also confirms the findings of previous studies in the region including the works of [2, 14, 27, 28] . The specimens collected in Northern Peru, both by the authors of this research and by other botanists, have been registered in the HUT, with their corresponding notes about the properties of the plants in each area, locality, or region (see Figure 2) . The findings of the study were complemented with the work conducted by [28, 29] . These studies were critically reviewed regarding taxonomy, growth habit, altitudinal distribution, types of plants propagation, parts of the plant utilized, and color produced from the species of dye plants, which grow in northern Peru.
This research also confirms the findings of previous studies in the region including the works of [2, 14, 27, 28] . The specimens collected in Northern Peru, both by the authors of this research and by other botanists, have been registered in the HUT, with their corresponding notes about the properties of the plants in each area, locality, or region (see Figure 2) . Of the 32 dye species identified, five are considered endemic from Peru: Berberis buceronis, Caesalpinia paipai, Caesalpinia spinosa, Coreopsis senaria, and Lomatia hirsuta [25] . Moreover, with the exception of Caesalpinia spinosa, which is endemic to various countries in America, the other four species are endemic to Northern Peru. The other 27 species are widely distributed across the Coast, Highlands, and Amazon regions. It is worth mentioning that Annona cherimolia and Annona muricata are endemic to both Northern Peru and Southern Ecuador [27] . Species such as Anacardium occidentale, Bocconia integrifolia, Agave americana, Alnus acuminata, Escallonia resinosa, and Juglans neotropica are widely distributed across South and Central America [25] .
The results of the inventory record 32 species of dye plants from Northern Peru distributed in 22 families, of which the following stand out due to the number of species: Fabaceae (5), Anacardiaceae (2), Annonaceae (2), Asteraceae (2), Berberidaceae (2), Rosaceae (2), and Solanaceae (2) (see Table 3 ). Of the 32 dye species identified, five are considered endemic from Peru: Berberis buceronis, Caesalpinia paipai, Caesalpinia spinosa, Coreopsis senaria, and Lomatia hirsuta [25] . Moreover, with the exception of Caesalpinia spinosa, which is endemic to various countries in America, the other four species are endemic to Northern Peru. The other 27 species are widely distributed across the Coast, Highlands, and Amazon regions. It is worth mentioning that Annona cherimolia and Annona muricata are endemic to both Northern Peru and Southern Ecuador [27] . Species such as Anacardium occidentale, Bocconia integrifolia, Agave americana, Alnus acuminata, Escallonia resinosa, and Juglans neotropica are widely distributed across South and Central America [25] .
The results of the inventory record 32 species of dye plants from Northern Peru distributed in 22 families, of which the following stand out due to the number of species: Fabaceae (5), Anacardiaceae (2), Annonaceae (2), Asteraceae (2), Berberidaceae (2), Rosaceae (2), and Solanaceae (2) (see Table 3 ). The study also identified many dye plants that are only known by certain Andean communities, which have preserved the old customs or traditions of their use: Lomatia hirsute, Achyrocline satureioides, Annona cherimolia, Berberis buceronis, Coriaria ruscifolia, Coreopsis senaria, Hypericum laricifolium, Monnina salicifolia, Orthrosanthus chimboracensis, and Salpichroa diffusa.
We also identified that some plants continue to be used extensively despite the great quantity of synthetic colorants that chemical companies have placed in the market. This is the case for: Alnusacuminate, Bocconia integrifolia, Caesalpinia paipai, Caesalpinia spinosa, Juglans neotropica, Kageneckia lanceolata, and Polylepis incana. Finally, some species such as Bixa orellana, Indigofera suffruticosa, Sambucus peruviana, and Usnea baileyi constitute a great economic source for several countries [14, 27, 28] . However, their use has not been industrialized in Peru.
The inventory of northern Peruvian dye plants presented in this article differs in its content from others listed in the bibliography. [28] , for example, only offers taxonomic information about some of the species, while [14, 27] have inventoried a greater number of species and in addition to taxonomy have included facts concerning the plants' distribution, parts of the plants used, and the colors produced by some of them. The inventory presented in this article for Northern Peru is more comprehensive, because it is not only based on the number of species listed, but also because of the information provided about the characteristics (taxonomy, growth habit, altitudinal distribution, form of propagation, part of the plant utilized, and the color obtained) of the inventoried species.
In the botanical world, one cannot generalize that chemicals have a preference to accumulate in a specific plant organ. Therefore, many plants have the principle colorants in their roots, others in the stem, others in the leaves and flowers, and others in the fruit. Of the 32 species analyzed, the principle colorants were found in the stem of 35% of species, 29% in the leaves, 28% in the fruit, 6% in the root, and 3% in the flowers. What can be generalized is that the colorants are deposited according to the order of the percentages mentioned in this research. The natural dyes obtained from the plants are considered an ecological solution to artificial ones. Schmidt-Przewoźna and Brandys (2016) stated that plant extracts contain tannins, flavenoids, saponins, essential oils, mucilage, vitamins, and many other valuable substances, besides being a source of beautiful natural colors [30] .
Conclusions
This study aimed to fill the gap that represents the limited systematic documentation and dissemination of the traditional knowledge obtained through the empirical use of many plant species in Northern Peru. The research identified and inventoried 32 species of dye plants that grow in northern Peru, distributed in 22 families, which can be broken down by number of species into the following groups: Fabaceae (5) and Anacardiaceae (2), Annonaceae (2), Asteraceae (2), Berberidaceae (2), Rosaceae (2), and Solanaceae (2) . Of the 32 dye species identified, four are considered endemic to Peru: Berberis buceronis, Caesalpinia paipai, Coreopsis senaria, and Lomatia hirsute. The study also found that species such as Bixa orellana, Indigofera suffruticosa, Sambucus peruviana, and Usnea baileyi have not been commercially exploited in Peru despite the fact that they already constitute a great economic source for several countries.
This study also compiled the explorations, collections, and records of dye plant species used many generations ago available in the HUT. These explorations gathered facts about the taxonomy, growth habit, altitudinal distribution, methods of propagation, parts of the plant utilized, and color produced from northern Peruvian dye plants. Documenting and preserving traditional knowledge is very important, as it is part of the cultural heritage of indigenous people.
Finally, as we know, the lack of appropriate documentation on the plant extraction and dyeing techniques is an important factor for the continuous loss of this traditional knowledge. Our future work will focus on investigating and documenting these techniques for their preservation. 
